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SUMMARY 

by B. E. B ryune l l i  
A. M. Lyatskaya 
V. B. Lya tsk iy  

Discussed i n  t h i s  paper  a r e  the  p o s s i b l e  Alfv6n resonances  i n  sec- 
t i o n s  of t ubes  of f o r c e  bounded on one s i d e  by t h e  weak f i e l d  r eg ion  i n  t h e  
neighborhood of n e u t r a l  p o i n t s  a t  magnetosphere boundary and on t h e  o t h e r  
s i d e  - by t h e  E a r t h ' s  s u r f a c e .  It is  shown t h a t  i f  resonance e x c i t a t i o n  on 
t h e  fundamental  harmonic i s  more probable  i n  t h e  tubes  of f o r c e  c l o s e s t  t o  
n e u t r a l  p o i n t s ,  resonances  on t h e  second harmonic may r e s u l t  more e f f e c i v e  
w i t h  t h e  t r a n s i t i o n  t o  deeper  l a y e r s  of t h e  magnetosphere. 
on t h e  fundamental  harmonic is  i d e n t i f i e d  w i t h  the Pc4 p u l s a t i o n s ,  wh i l e  t h e  
one on t h e  second harmonic is i d e n t i f i e d  w i t h  Pc3. 

The resonance 

* 
* *  

The p o s s i b i l i t y  of format ion  of a s t and ing  Alfv6n wave i n  s e c t i o n  of 
magnet ic  t ubes  of f o r c e  bounded on one s i d e  by t h e  weak f i e l d  r e g i o n ( i . e .  
" th ickening"  on t h e  tube  of f o r c e )  near  n e u t r a l  p o i n t s  l y i n g  on magnetosphere 
boundary and on  t h e  o t h e r  by t h e  Ea r th ' s  s u r f a c e ,  w a s  d i scussed  i n  [l]. The 
resonance  o s c i l l a t i o n s  t h u s  occurr ing  may correspond t o  type-Pc4 geomagnetic 
p u l s a t i o n s .  I n  tubes  of f o r c e  pass ing  a t  a c e r t a i n  d i s t a n c e  from n e u t r a l  
p o i n t s  connected wi th  t h e  l a t t e r  " thickenings" smooth o u t ,  t h e  r e f l e c t i o n  
f a c t o r  of t h e i r  resonant  wave decreases ;  f o r  a c e r t a i n  c r i t i c a l  th i cken ing ,  
when t h e  wavelength is more e f f e c t i v e  than  t h e  l e n g t h  of t h e  surrounding 
s e c t o r ,  t h e  resonance a t  t h e s e  wavelengths w i l l  g e n e r a l l y  be imposs ib le ,  
a l t h o u g h  s h o r t e r  wave o s c i l l a t i o n s  may s t i l l  e f f e c t i v e l y  r e f l e c t  and r e sona te .  
T h i s  e f f e c t  may r e s u l t  i n  t h a t  s tanding  AlfvEn waves w i t h  fundamental  pe r iod ,  
l i n k e d  by u s  w i t h  Pc4-pulsat ions i n  t h e  45 - 150 s e c  pe r iod  range  i n  tubes  
of f o r c e  more remote from n e u t r a l  po in t s ,  resonances w i l l  b e  p o s s i b l e  on ly  on 
higher h ~ r m o f i i ~ s ;  it w i i i  be n a t u r a i  to a t tempt  t o  l i n k  t h e  la t ter  w i t h  t h e  
Pc3-pu l sa t ions  (10-45 sec per iod  range) .  

* INTERPRETATSIYA GEOMGNITNYKH PUL'SATSIY Pc3,4.  
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I n  o rde r  t o  estimate q u a n t i t a t i v e l y  t h e  e f f e c t i v e n e s s  of t h e  proposed 
mechanism w e  Must know t h e  c o u r s e  of t h e  index of r e f r a c t i o n  a long  t h e  l i n e  
of f o r c e .  
t h e  form 

I n  t h e  Alfvgn r e g i o n  t h e  squa re  of t h e  index  of r e f r a c t i o n  h a s  

where c i s  t h e  speed of l i g h t ,  p i s  t h e  d e n s i t y  of t h e  magnetospheris plasma, 
H i s  the i n t e n s i t y  of t h e  e x t e r n a l  magnetic f i e l d .  
q u a n t i t y  1 / H 2  a long  t h e  l i n e  of f o r c e  may be  computed by us ing  t h e  expres s ion  
f o r  t h e  magnetic f i e l d  i n  t h e  form of t h e  sum of t h e  d i p o l e  p a r t  of t h e  E a r t h ' s  
magnetic f i e l d  and of t h e  f i r s t  1 2  terms of expansion i n  s p h e r i c a l  f u n c t i o n s  
of t h e  f i e l d  from c u r r e n t s  f lowing  along t h e  magnetosphere boundary [ 2 ] .  L i m i -  
t i n g  o u r s e l v e s  t o  t h e  c o n s i d e r a t i o n  of t h e  f i e l d  on ly  i n  t h e  s o l a r  mer id i an  
p l a n e  and choosing t h e  Desca r t e s  system of coord ina te s  wi th  a x i s  x d i r e c t e d  
a long  che E a r t h ' s  magnetic moment toward t h e  North p o l e ,  and a x i s  i, d i r e c t e d  
a t  t h e  Sun, w e  s h a l l  o b t a i n  

The v a r i a t i o n  of t h e  

where t h e  c o e f f i c i e n t s  gmn are brought o u t  i n  [ 2 ] ,  and x ,  y are expressed i n  
E a r t h ' s  r a d i i .  Ass igning  o u r s e l v e s  a p o i n t  on t h e  EartK's  s u r f a c e  wi th  
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coordinates (xo, yo), and utilizing the evident relations 

i IL" 11,  ( J O ,  ! I , , ) ,  I/ , ' '  - the small distance between the points 
(xo, yo) and (xl , yl) along the line of force, we may successively construct 
the entire line of force, computing simultaneously the magnetic field along 
it according to (2). Definin:. -\! - - 0.01 lit ( I : ]  being the radius of the Earth) 
and postulating the distance t o  niagnetosphere boundary from the solar side 
to be rb = 10 RE (this quantity determines gmn [Z]), we have computed the va- 
riation of the magnetic field alonn a few lines of force in the vicinity of 
the neutral point (at rb = 10 RE the latter is linked with the line of force 
crossing the Earth's surface at the geomagnetic latitude The va- 
riation of 1/H2 along four lines of force (corresponding to @ = 82, 81, 80 
and 79") of interest to us is shown in Fig.1, where the distance is plotted 
in the abscissa along the line of force and in Earth's radii, counted from 
the region of minimum value of H. 

/ I !  ('0, ! I , )  : \I being 

(1) FZ S Y } .  

5 -  i 
2 -  

I O 6 -  
2 4 6 d 

Fig.1 

For the determination of the course of refractive index along the line 
of force, it remains to define the plasma density distribution in the magneto- 
sphere. When interpreting whistlers, the density in the magnetosphere is 
usually assumed to be proportional to r-3- r-4 (r - being the geocentric distance). 
1 J c l w e v e r  

distribution along the line of force determined by the curves of Fig.2 (N being 
the concentration of charged particles and - z the distance along the line of 
force in RE, counted from the region of field intensity minimum); the glasma 
density determined by these curves decreases proportionally to ~ - - ~ - r -  over 
the greater part of line of force trajectory. 

gnr c a l c u l a t i c n s  zrt substantially s i i - i lp l i f ied  vrlly in case of piasma 

Such a distribution presupposes 
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o v e r r a t e d  v a l u e s  of charged p a r t i c l e  c o n c e n t r a t i o n s  a t  small  d i s t a n c e s  from 
Earth and under ra ted  a t  l a r g e  d i s t a n c e s  by comparison wi th  t h e  probable  v a l u e s  
[ 3 ] .  This  i s  w e l l  seen  i n  F i g . 2 ,  where t h e  upper curves  correspond t o  geocen- 
t r i c  d i s t a n c e  r = 2 R E )  t h e  over ra ted  v a l u e s  t a k i n g  i n t o  account t h e  s h a r p  plasma 
d e p s i t y  drop beyond t h e  l i m i t s  of  t he  "knee". 
Taking advantage of (l), i t  is  now p o s s i b l e  
t o  p l o t  t h e  dependence of t h e  magnitude of 
r e f r a c t i v e  i n d e x ' s  s q u a r e  along the l i n e  
of f o r c e .  

, 4 ~ 3  

~ A s  i n  F igures  1 and 2 ,  t h e  d i s t a n c e  -- ru 
a long  t h e  l i n e  of f o r c e  i s  p l o t t e d  i n  

t a n c e  is counted i n  E a r t h ' s  r a d i i  s ta r t -  
i n g  from t h e  reg ion  of f i e l d  i n t e n s i t y  
minimum. The curves  n2 (2) , shown i n  -8 -6 -4 -2 0 2 4 z 
Fig .3  may be f a i r l y  w e l l  approximated 
by symmetr ical  curves  of t h e  form 

F i g . 3  along t h e  a b s c i s s a  a x i s ;  t h i s  d i s -  ~ - -_ 7 

/o-' 

Fig.  2 

( 4 )  

where .I/ L= ( I t ? , , , , , /  /lo' - 1). "III.IY 

( a t  o r i g i n  and i n f i n i t y )  v a l u e s  of t h e  index of r e f r a c t i o n ;  m is a c o e f f i c i e n t  
c h a r a c t e r i z i n g  t h e  ra te  of r e f r a c t i v e  i n d e x ' s  v a r i a t i o n .  The numerical  v a l u e s  
of parameters  M and m, o b t a i n e d  with t h e  approximation are compiled i n  Table  1. 

and no are r e s p e c t i v e l y  t h e  maximum and minimum 

Fig .3  

Fig.  4 

The index of r e f r a c t i o n  by 
energy from t h e  r e g i o n  w i t h  index  
of r e f r a c t i o n  of t h e  form ( 4 )  is 

g i v e n  i n  [ 4 ] ;  i n  t h e  case tak ing  place h e r e  of normal wave inc idence ,  i t  may 



b e  w r i t t e n  i n  t h e  form 

1 
r -.  93 sec T 'ljsec 

m. [D 3: c.,' I .  1 u  ~* 

82' Iij 3 . 4  0.13 I-33 1 O,?, 55 

P I p . ,  3; s F.!,  0' 

l e c t i o n  f a c t o r  p2 o s c i l l a t e s  w i t h  t h e  
v a r i a t i o n  of s and w i l l  approach zero 
as s -+ 0 ,  as well as s + 03. 

l a t i o n  is  induced by t h e  f a c t  t h a t  t h e  
waves, r e f l e c t e d  from t h e  reg ion  of 

- SI 1.3 2.5 0.17 ?3 fIJ1 3 7  
( f o r  example on account  of wave f r e -  (i.?[J 15 1 (],I1 1 20 
quency v a r i a t i o n )  w i l l  be  a t  times i n  i l l  / I . ? !  1.8 , 0,21 3 0,48 9 

i I . Y .  The o s c i l -  
~ - ~ 

growth and drop of n2 ( z )  , as s v a r i e s  
:::G , :?,.[ j 2.1 

I -  

+ 

o 

I : 

where 

I f  resonance o s c i l l a t i o n s  wi th  fundamental  per iod  are r e l i a b l y  l i n k e d  
w i t h  Pc4 o s c i l l a t i o n s ,  t h e  resonance o s c i l l a t i o n s  i n  h i g h e r  harmonics w i l l  b e  
L i a c u L c i l l y  linked w i t h  Pc3 o s c i i i a t i o n s .  lnasmuch as t h e  assumed e x c i t a t i o n  
mechanisms of  b o t h  t y p e s  of o s c i l ? a t i o n s  are e n t i r e l y  i d e n t i c a l ,  t h e  s i m i l a r -  
i t y  between t h e  l a t t e r  i s  a l s o  n a t u r a l l y  expla ined  [ 5 ,  61: both  Pc3 and P c 4  
r e p r e s e n t  b a s i c a l l y  a summer daytime phenomenon, t h e i r  o s c i l l a t i o n s  increa-  
s i n g  toward t h e  morning-evening s i d e  of t h e  Ear th  i n  magnetoquiet t i m e  and 
d e c r e a s i n g  w i t h  t h e  r i se  of magnetic d i s t u r b a n c e  wi th  ampli tudes of bo th  
t y p e s  of  o s c i l l a t i o n s  r i s i n g  toward h igh  l a t i t u d e s .  From t h e  s t a n d p o i n t  of 
t h e  developed model t h e  explana t ions  of t h e s e  r e g u l a r i t i e s  i n  t h e  case of 
Pc4 i s  given i n  [l]; s imi la r  r e g u l a r i t i e s  of Pc3  are explained i n  an e n t i r e l y  
similar manner. 
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types  of s c i l l a t i o n s  r i s i n g  toward h i g h  l a t i t u d e s .  
t h e  developed model t h e  exp lana t ion  of t h e s e  r e g u l a r i t i e s  i n  t h e  case of Pc4 
is  g iven  i n  131; 
similar manner. 

From t h e  s t a n d p o i n t  of 

similar r e g u l a r i t i e s  of Pc3 are expla ined  i n  a n  e n t i r e l y  

L e t  u s  now pause a t  some d i f f e r e n c e s  between Pc3 and Pc4. 

1 )  I f  Pc3 o s c i l l a t i o n s  are u s u a l l y  observed i n  magnetodisturbed days .  
Pc4 occur  mainly i n  magnetoquiet  days [5]. Within t h e  framework of our  own 
model t h i s  may b e  exp la ined  by t h e  f a c t  t h a t  i n  magnetoquiet t i m e  i n t e r v a l s  
t h e  d i s t u r b a n c e s  are found t o  b e  l o c a l i z e d  n e a r  t h e  n e u t r a l  p o i n t s ,  inducing  
t h e r e  Pc4, w i thou t  r each ing  t h e  "concealed" tubes  of f o r c e  somewhat deeper  i n  
t h e  magnetosphere, which are r e s p o n s i b l e  f o r  Pc3. A s  t h e  magnetic a c t i v i t y  
i n c r e a s e s ,  shocks  a long  t h e  magnetosphere become s t r o n g e r  and more f r e q u e n t ;  
because  of cont inuous  i r r e g u l a r  s h i f t  of n e u t r a l  p o i n t s ,  resonance  i n  t h e i r  
immediate v i c i n i t y  may r e s u l t  to  be i n e f f e c t i v e  (Pc4 cannot b e  e x c i t e d ) ;  
t o  t h e  c o n t r a r y ,  t h e  i r r e g u l a r  d i s t u r b a n c e s  sp read ing  deep i n t o  t h e  magneto- 
s p h e r e  may e x c i t e  t h e  tubes  of f o r c e  r e s p o n s i b l e  f o r  Pc3. Simultaneous exc i -  
t a t i o n  of Pc3 and Pc4  may n a t u r a l l y  b e  expec ted ,  which i s  observed i n  r e a l i t y  
q u i t e  o f t e n  indeed [51. 

2) The average  pe r iod  of Pc4 c o n s t i t u t e s  80 - 100 s e c ,  w h i l e  t h a t  of 
P c 3  is  of 20 t o  30 s e c  [5 ,  6 1 ,  i .e. ,  t h e  p e r i o d s  d i f f e r  by more t h a n  a f a c t o r  
of two. This  d i f f e r e n c e  i s  expla ined  i n  p a r t i c u l a r  by t h e  f a c t  t h a t ,  as w a s  
noted ea r l i e r ,  Pc3 are e x c i t e d  mainly i n  pe r tu rbed  t i m e s ,  when t h e  magneto- 
s p h e r e  is  c o n t r a c t e d ,  and t h e  r e s o n a t i n g  segments of t ubes  of f o r c e  are s h o r t -  
ened by comparison w i t h  the magnetoquiet  p e r i o d  f o r  which e x c i t a t i o n  of Pc4 
is c h a r a c t e r i s t i c .  

The a u t h o r s  are g r a t e f u l  t o  L. L.  Van'yan for u s e f u l  d i s c u s s i o n  of the 
work. 
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